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Some of the most damaging invasive plants are dispersed by frugivores and this is an
area of emerging importance in weed management. It highlights the need for practical
information on how frugivores affect weed population dynamics and spread, how





Fruit traits influence frugivore choice. Fruit size, the presence of an inedible peel,
defensive chemistry, crop size and phenology may all be useful traits for consideration
in screening and eradication programmes. By considering the effect of these traits on the
probability, quality and quantity of seed dispersal, it may be possible to rank invasive





Functional groups of frugivores can be assembled according to broad species group-
ings, and further refined according to size, gape size, pre- and post-ingestion processing





Landscape fragmentation can increase frugivore dispersal of  invasives, as many
invasive plants and dispersers readily use disturbed matrix environments and fragment
edges. Dispersal to particular landscape features, such as perches and edges, can be





Where invasive plants comprise part of the diet of native frugivores, there may be a
conservation conflict between control of the invasive and maintaining populations of
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the native frugivore, especially where other threats such as habitat destruction have






. Development of functional groups of frugivore-dispersed
invasive plants and dispersers will enable us to develop predictions for novel dispersal
interactions at both population and community scales. Increasingly sophisticated
mechanistic seed dispersal models combined with spatially explicit simulations show
much promise for providing weed managers with the information they need to develop
strategies for surveying, eradicating and managing plant invasions. Possible con-
servation conflicts mean that understanding the nature of the invasive plant–frugivore




: fruit traits, frugivore traits, functional groups, landscape fragmentation,
conservation conflict, dispersal
 











The proportion of  invasive species that are animal
dispersed is unknown; estimates range from 8% of the
naturalized flora of  Victoria, Australia (Carr 1993)
to 40% of  ‘representative invasive species’ (Cronk &
Fuller 1995). Of  the 20 species of  weeds of  national
significance in Australia, five are fleshy fruited with
known vertebrate dispersers (Brunner, Harris & Amor





Gosper 2004), one is ant dispersed (Richardson & Hill
1998) and three receive some dispersal by livestock





. 1999; van Klinken & Campbell 2001).
Frugivore-mediated dispersal of  invasive plants is
therefore an area of emerging importance in the weed
management sector, highlighting a need for informa-
tion on how frugivores affect weed population dynamics
and spread, how frugivore populations are affected
by weeds, and what management recommendations
are available. Research on frugivory and weed man-
agement could benefit from a closer synthesis of  the
two fields.
The kind of dispersal vector is a determinant of the
resulting seed shadow (the distribution of seeds in space
around the parent), with animal-dispersed species
having longer mean dispersal distances than wind-





invasions where dispersal is mediated by frugivores
have distinctive ecological features. (i) Dispersal depends
on the presence of suitable frugivores, thus the variation
in frugivore assemblages between regions and habitats
potentially places a variable filter on the success of
invasive plant species. (ii) Mutualism imparts a recip-
rocal positive effect on each partner’s rate of  popu-
lation increase. (iii) Plant or frugivore species may be
simultaneously involved in interactions with multiple
species. There will therefore be both community- and
population-level consequences of the invasive plant–
frugivore interaction.





. 2000; Gosper, Stansbury &
Vivian-Smith 2005) have covered the extent and func-
tions of this mutualism among invasive plant species.
We discuss how a deeper understanding of the function
of the invasive plant–frugivore interaction can influence
management of invasive plant populations. While it
has proved difficult to find traits that correlate with
invasiveness generally across taxa and widely different
functional groups (Kolar & Lodge 2001), we argue that
the assessment of how plant and disperser traits influ-
ence dispersal and demographic processes can be used
to rank risks of  invasion, guide surveillance and
detection, assess indirect positive or negative effects
and manage invasions. We focus on six areas of research
from functional group traits to landscape-scale and
community processes that we believe can be integrated
and used to improve management of plant invasions:
fruit traits, frugivore traits, plant establishment, land-





The success of invasive plant species is partly attributed
to fruit traits that favour effective seed dispersal (Panetta
& McKee 1997; Baret, Le Bourgeois & Strasberg 2005).
One valuable but surprisingly rarely applied approach
to assessing the role of fruit traits in promoting invasion
is to compare the fruit traits and dispersal performance
of co-occurring native and invasive plants (Daehler
2003). Two studies have shown that invasive species in
their exotic range are superior to native congeners in
terms of traits influencing fruit removal and in both cases
the invasives had higher removal rates (Sallabanks 1993;
Vila & D’Antonio 1998). In contrast, three other com-
parisons showed no clear differences (Montaldo 2000;
Greenberg, Smith & Levey 2001; Drummond 2005).
With so few studies it is difficult to generalize; how-
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that fruit traits do influence frugivore choice, and fruit
preference rankings remain relatively consistent across
sites and time (Herrera 1998; Carlo, Collazo & Groom
2003). Therefore, highly preferred species would be
expected to be more invasive than others. We describe
fruit traits that, together with frugivore preferences, form
the basis for that ranking. It may be possible to use fruit
and crop traits to predict reliably fruit removal rates.
Using such information, if removal rate is a determinant
of dispersal and establishment success, pre-import weed
risk assessment (WRA) procedures could be improved.
The clearest fruit–frugivore relationship is that
between fruit size and frugivore gape size, particularly
in birds (Jordano 1995). Generally, larger fruits have
fewer dispersal agents and the largest may depend on





In human-dominated landscapes where most invasions
start, frugivore size and gape size ranges tend to be
truncated; there are abundant potential dispersal agents
for smaller (< 15 mm) fruits but few or none for larger
(> 20 mm) fruits (Corlett 2002). We might therefore
expect invasives with small fruits to be more successful
than those with large fruits; this prediction has not, to
our knowledge, been tested. There are large fruited
exceptions, dispersed by large birds or mammals









Other exceptions are mostly species with relatively soft,












 spp.) from which small frugivores can disperse
seed-containing pieces.
Plants relying on frugivory for dispersal face a trade-
off  between attraction of frugivores that disperse their
seeds and defence against frugivores that destroy seeds.
This trade-off between frugivore attraction and defence
may be a major factor underlying observed fruit prefer-
ence rankings. The rate of fruit removal across species
is positively related to nutrient levels and negatively to
chemical defences (Schaefer, Schmidt & Winkler 2003).
We therefore predict that defensive traits, such as the
presence of a thick, inedible peel, are likely to limit
invasiveness. This is a characteristic typically associated
with fruits targeted at large mammals, although a range
of smaller mammals (e.g. fruit bats, rodents and birds)
can process such fruits. In contrast, fruit colour, although
often correlated with fruit choice in the field, has not
yet been shown to have a consistent effect on fruit pref-
erences in any frugivore (Willson & Whelan 1990).
Although rarely quantified, many studies suggest
that successful invaders have larger crop sizes than co-
occurring natives (Sallabanks 1993; Meyer 1998; Vila
& D’Antonio 1998). Even more common are reports
that invaders have a longer fruiting season than natives
and/or fruit during seasonal lows in native fruit produc-




. 2004; Gosper 2004).
For dispersers, a gap-filling phenology not only reduces
competition with equally attractive native fruits
(Gosper 2004) but may also allow the persistence of
frugivore populations year-round in areas that could
not otherwise support them (Parry-Jones & Augee 2001).
The susceptibility of fruit to insect attack may influ-
ence frugivore preferences. Both positive and negative
interactions between insect infestation and fruit con-
sumption by birds have been reported (Sallabanks &




. 1999). The potential exists
for the use of  fruit-spoiling biological control agents
to reduce the attractiveness of fleshy fruited invaders









 Sargent 1990) can influence seed dis-













. 2006), significantly fewer damaged
than undamaged fruits were removed by frugivores,
indicating that frugivores selected against larvae-
infested fruits. However, as there were many undamaged
fruits available, the agent could have altered patterns of





The interaction of an invader’s fruit traits with the suite
of potential frugivores in the exotic range determines
the nature of  the dispersal received. This leads to a
rapidly escalating number of combinations of plant
and potential frugivore to consider when assessing the
risk of introduction or prioritizing surveillance and
control. However, common processing or dispersal
outcomes within functional groups of  dispersers
may allow approximate prediction of dispersal and
establishment patterns in invasive plants (Westcott &




. 2004; Gosper, Stansbury &
Vivian-Smith 2005).
Frugivore traits determine the quantity and quality
of dispersal provided to a plant (Schupp 1993); they
affect which, when and how many seeds are dispersed,
dispersal distances and seed germination. The quantity
of fruits being dispersed depends mainly on fruit size,
availability, competition, number of dispersers, gape
size and dietary constraints of the frugivore. Quality of
dispersal is the effect of frugivores’ treatment on seed
shadow and germination, and is determined by the length
of time a seed remains in the digestive tract, physical
and chemical effects on the seed and movement patterns
of the disperser. We outline how groupings may be based
on similar functional properties of dispersers.
Fruit-processing methods by frugivores differ widely
across taxonomic groups but can be classed according
to the degree and outcomes. Before ingestion seeds
may be dropped or cached, after ingestion seeds may be
chewed and then either expelled before swallowing,
regurgitated or defecated. Non-ingested seeds will
usually be dispersed shorter distances than ingested
seeds and will receive reduced processing effects.
Gut passage time (GPT) has a strong but variable
influence on seed dispersal patterns and distances. There
can be a large range from first to last defecated seeds in
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Smith 2000) and mean GPT can also vary for different





. 2005). Gut passage time in birds and
primates (Karasov 1990; Remis 2000) and consequent
dispersal distance in birds (Westcott & Graham 2000)
have been reported to increase with body mass. How-
ever, gut passage effects can also depend on differences
in diet and digestive physiology (Tedman & Hall 1985;
Lambert 2002). Opportunistic frugivores and seed
predators tend to retain seeds for a longer time period
(Lambert 1988) than more specialist avian frugivores,
which often have short gut passage times. Changes
in diet can cause short-term digestive adaptations in
insectivore–frugivores (Levey & Martinez del Rio
2001; Herrera 2002). Despite this variation, size
could provide a means of classifying dispersers into
groups because of  its influence on gut passage times,
as well as home range, and therefore seed-dispersal
distances.
Another aspect of dispersal quality depends on the
generated seed shadow. This is a function of a frugivore’s
movement pattern and is invariably right-skewed with
a long tail. It can also be affected by the frugivore’s
seed deposition behaviour and the number of seeds per
fruit. Large numbers of seed per fruit and infrequent
deposition may lead to stochasticity in seed shadows,
with clumps of seeds at long time intervals or distances.
Because of the importance of rare long-distance dis-
persal events for population spread, migratory species
and those with large home ranges may contribute dis-
proportionately to the rate of spread given the number
of seeds they consume (White & Stiles 1992; Vellend
2002; Mouissie, Lengkeek & Van Diggelen 2005). In
some instances this may be a useful focus for manage-
ment. Disperser movement is also influenced by habitat





 in intermediate light and low litter environments in
Hawaii is typically associated with avian seed dispersal
away from dense forest to perches in disturbed, open
forest habitats (Walker 1990). Despite the importance
of frugivore movement, there are areas that require fur-
ther investigation, such as whether learned behaviour




Plant establishment is a key component of dispersal
effectiveness. Disperser movement patterns determine
the deposition environment (Schupp 1993). Habitat
characteristics influencing the successful invasion of
fleshy fruited species predominantly relate to the vegeta-
tion structure (Ferguson & Drake 1999) that influences
microsite conditions. Invasive plant species may further
facilitate establishment via the development of canopy
cover that provides more suitable microsite conditions
for subsequent recruits (Gleadow 1982).
The disperser also determines whether seeds are
deposited singly or in clusters (Schupp 1993). Clustered
deposition may result in density-dependent seed or
seedling mortality (Clevenger 1996; Rey & Alcantara
2000), with the result that reductions in the numbers of
seeds per cluster may not reduce population growth
rate or spread if the number of clusters remains the same
(Buckley & Metcalf  2006). Contagious deposition of
multiple species, as a result of feeding on simultaneously
fruiting species, can result in suites of plant species being




. 2004), which may accelerate the accumulation of
additional fleshy fruited species, termed ‘bird-made
fruit orchards’ (Lazaro, Mark & Olesen 2005).
In a meta-analysis of gut passage effects on 200 plant
species, Traveset (1998) found that 50% experienced a
change in germination rate or proportion of  seeds
germinating. Of  these 50%, enhanced germination
occurred in two-thirds of the species vs. one-third that
experienced inhibited germination. Different animal
groups had similar effects on germination, although
non-flying mammals influenced germination slightly
more often. Retention time influenced germination, as
did the types of food ingested along with the seed, but
differences in seed traits, such as size and fruit type, had
little effect.
Another consequence of gut passage is that seeds are
deposited in microbial- and nutrient-rich faeces that
may affect germination. Documented effects include
enhanced growth of seedlings because of the fertiliza-
tion effect (Dinerstein & Wemmer 1988), shelter from
desiccation (Engel 2000), an increased probability of
secondary dispersal (Andresen & Levey 2004; Martinez-
Mota, Serio-Silva & Rico-Gray 2004) and increased
seed predation (Wehncke, Valdez & Domínguez 2004).
These factors have been investigated less thoroughly
for bird-dispersed species. However, germination suc-
cess did not differ with regurgitation and defecation for
several bird-dispersed shrub species, but the presence
of faecal material reduced success because of greater
susceptibility to pathogens (Meyer & Witmer 1998).
Moreover, for bird-dispersed species, the influence of
faecal material may be short-lived in relation to other





Landscape heterogeneity strongly influences animal
movement (Ims 1995) and commonly generates heter-
ogeneity in the conditions suitable for plant establish-
ment (Nathan & Muller-Landau 2000). The effects of
habitat fragmentation on plant distribution will vary
depending on dispersal abilities, habitat preferences
and the pattern of fragmentation (With 2002). Although
less disturbed habitats have greater recruitment of
some invasive species (Hutchinson & Vankat 1998),
many invasives are able to disperse and recruit in the
disturbed matrix between fragments. Consequently,
caution is needed in extrapolating results from frag-
mentation studies on species that cannot survive in the
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In general, fragmentation results in an overall
reduction in effective colonization rate for native plant
species, particularly below a threshold of habitat avail-
ability for frugivores (With 2002). Smaller habitat
fragments may suffer a decline in fleshy fruited plants
(Tabarelli, Mantovani & Peres 1999) and the dispro-
portionate loss of certain frugivores (Santos & Tellería
1994; Silva & Tabarelli 2000) compared with large
fragments, and this can contribute to lower rates of
fruit consumption, seed arrival and seedling establish-
ment at fragmented sites for native species (Santos &
Tellería 1994; Galetti, Alves-Costa & Cazetta 2003).
Theoretically, however, a degree of  fragmentation
could increase the movement of species as frugivores
would need to move further to find food, with fragments
acting as stepping stones across the landscape and foci
of frugivore activity and seed deposition (With 2002).
In this way invasive plants spread across fragmented
landscapes, dispersed by species that cross habitat
boundaries (Williams & Karl 1996). Fragmentation
could also result in invasives being spread into the
matrix surrounding the frugivores’ preferred habitat if
that frugivore has to travel between patches.
Fragments may become dominated by edges
(Tabarelli, Mantovani & Peres 1999) and movement
across edges may be less restricted for frugivorous birds
than for other feeding guilds (Laurance, Stouffer &
Laurance 2004). The edges of habitats, within forest
gaps and at forest boundaries, often have more fruits
(Restrepo, Gomez & Heredia 1999), attract more
frugivorous birds (Malmborg & Willson 1988; but cf.
Restrepo, Gomez & Heredia 1999) and hence have
greater rates of fruit consumption (Galetti, Alves-Costa
& Cazetta 2003) and seed arrival (Hoppes 1988). Edges





Seeds dispersed to habitat fragments can be strongly
influenced by the composition of  the surrounding
matrix (Anderson, Heiss-Dunlop & Flohr 2006) and
seed dispersal may be significantly reduced when
connectivity falls below a certain level (With 2002).





. 2005; but cf. Norton, Hobbs &
Atkins 1995) and are used to restore connectivity in
fragmented landscapes, but may also improve the dis-
persal of invasive species (Hutchinson & Vankat 1998).
Directed dispersal, which results in the non-random
arrival of seeds and survival of plants in predictable
locations (Wenny 2001), is affected by landscape
structure. Seeds can be deposited in disproportionate
abundance by frugivores beneath perches, such as on
gap edges (Wenny & Levey 1998), in agricultural and
successional landscapes (McClanahan & Wolfe 1993)
and under heterospecific fruiting trees (Kwit, Levey &
Greenberg 2004). While artificial perches are used to
enhance bird-dispersed seed input in restoration,
simultaneous deposition of invasive plant seeds can
also be high beneath these perches (Ferguson & Drake
1999; Dean & Milton 2000) and these may become foci
of invasive spread (With 2002).
Potential management interventions using manipu-
lations of landscape structure are described in detail by
Gosper, Stansbury & Vivian-Smith (2005) and With
(2002). These include using perches to capture seeds,
reducing connectivity between suitable invasive plant
habitats and targeting the main sources of dispersed
seed for control. The potential for invasion can be used
in prioritizing areas for restoration activities at a land-
scape scale (Borgman & Rodewald 2005; Anderson,




Computer models constitute powerful tools for guid-
ing management decisions concerning invasion threats




. 2005). Recent advances








. 2005) have been motivated
largely by the substantial implications of biological
invasions, along with other threats, for which the
process of spatial spread plays a critical role.
Spatial models of spread include two basic terms: the
first accounts for processes regulating population
growth, the second for dispersal and other processes
that govern the redistribution of individuals (Kot, Lewis
& van den Driessche 1996). A more detailed approach
incorporates stage-specific demography and dispersal
(Neubert & Caswell 2000; Neubert & Parker 2004).
While both demography and dispersal play important
roles in determining the rate of invasion, the shape of
the redistribution (or dispersal) kernel is a key deter-
minant of the rate of spread (Kot, Lewis & van den
Driessche 1996; Neubert & Caswell 2000). Information
about dispersal, while necessary, is not sufficient for
estimating the realized redistribution kernel because
this also depends on pre- (seed production) and post-
(seedling establishment and growth to reproductive
maturity) dispersal processes.
Among spatial models of invasive spread, Higgins &
Richardson (1996) distinguished between phenomeno-
logical and mechanistic models. Phenomenological
models have been commonly used to estimate redistri-
bution kernels for plant species (Higgins & Richardson




. 2003). These models use some functional forms,
calibrated against observed data, to describe the distri-
bution of distances of progeny from the seed source.
Because model parameters are fitted from observed
dispersal data, the identity of the dispersal agent(s) is
unimportant, thus relaxing the need to identify and
quantify the role of different dispersal agents. However,
this approach entails several disadvantages, including
the high sensitivity of the fitted functions to variation





. 2005). The variation in
dispersal processes between species, sites and times
implies that this modelling approach is best used for a
posteriori analysis of invasions (Higgins & Richardson
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can also be achieved by models that correlate the
observed patterns of spatial spread of invasive species





. 2004). In both cases, models para-
meterized in one site/region and over a certain time
period may not be accurate, and even misleading, for
the same species in another place or time.
Mechanistic models use data on factors influencing
dispersal processes to predict dispersal kernels, where a
dispersal kernel is a probability distribution function of
a seed landing at a particular distance from the parent.
Mechanistic models of seed dispersal by frugivores, in
their simplest form, calculate dispersal distances as
the product of the seed handling time and the rate of
frugivore displacement (Murray 1988; Westcott &
Graham 2000). More complex models incorporate




. 2005) and responses to landscape structure. It is
reasonable to assume that, at least in early stages of
invasions, frugivore movements are not significantly
affected by the presence and spatial distribution of the
invasive species itself. Thus, a priori predictions of the
spread of  frugivore-dispersed, potentially invasive,
species can be based on existing data on the foraging
movements of local frugivores and data on gut passage
time.
The need for incorporating spatial heterogeneity in
models of invasions has only recently been highlighted
(With 2002, 2004). This motivates the development
of models that are capable of incorporating spatially
explicit representation of the invaded landscape and
that can account for the effects of spatial heterogeneity
on the dispersal and establishment of the invader. Sev-
eral spatially explicit simulations have been developed





. 1981; Lavorel, Smith & Reid 1999; Tews,
Moloney & Jeltsch 2004). Yet we are unaware of any
empirical evaluation of  these models, or any other
published mechanistic spatially explicit simulation of
seed dispersal by frugivores. Encouraged by the recent
progress in modelling movements of animals in hetero-





2004), we envision extension of these animal movement
models to predict dispersal and establishment of





Mutualistic seed–dispersal interactions are typically
generalized and diffuse, with each plant species being
consumed and dispersed by a range of different frugi-
vores, and vice versa (Herrera 2002). This appears to
hold for relationships between invasive plants and their





. 2000; Gosper, Stansbury & Vivian-
Smith 2005), with two important consequences. First,
many potential plant invaders will encounter a diverse
disperser community that will readily shift its diet to
include the introduced plant. Secondly, positive feed-
backs and secondary effects are likely to involve a wide
range of native and invasive species, and to be complex,
variable and context-specific (Gosper, Stansbury &




. 2000). This will
complicate attempts to predict the community out-
comes of invasions by frugivore-dispersed plants. The
ecological literature is largely silent about the possibil-
ity of making such predictions, because research into
plant invasions has mainly focused on the success of the
invader population, rather than on multiple interacting
species (Gosper, Stansbury & Vivian-Smith 2005; but
see Traveset & Richardson 2006).
There is a wide range of possible trajectories for
communities following invasion, resulting in negative
‘degradation and meltdown’ and positive ‘rescue and
recovery’ scenarios (Table 1). These sometimes reflect
contrasting perspectives on the same data. For example,
while native frugivores are agents in the spread of
exotic plants, these plants can also support native
frugivores (Table 1, A1 and B1). This is particularly
significant for conservation in landscapes, where most
of the native vegetation has been cleared followed by
declines in native biota. In these situations, invasive
frugivores may become useful dispersers of native plants
Table 1. Community effects of frugivore-mediated plant invasion. Unless otherwise specified, ‘plant’ implies ‘frugivore-
dispersed’. Note that many scenarios, especially those in B, involve landscapes greatly affected by anthropogenic disturbance. A
complete table with additional references is in Appendix S1 in the supplementary material
A. Degradation and meltdown scenarios
1. Native frugivores often assist the spread of exotic plants (Cordeiro et al. 2004)
2. Native plants in frugivore diets may be usurped by exotics (Vila & D’Antonio 1998)
3. Multispecies dispersal complexes may develop, incorporating exotic frugivores and exotic plants; these may support 
further invasions by exotic frugivores and plants (Bourgeois et al. 2005)
4. Higher order dysfunctions may follow interactions with species outside the disperser mutualism (Fulton & Ford 2001)
B. Rescue and recovery scenarios
1. Exotic plants often subsidise native frugivore populations, both common and threatened species (Setter et al. 2002)
2. Exotic dispersers may assist the movements and recruitment of native plants (Dungan et al. 2002)
3. Multispecies dispersal complexes may develop, incorporating native and exotic frugivores and plants; these may 
facilitate native plant recruitment (Neilan et al. 2006)
4. Presence of exotic plant cover on cleared or disturbed land may facilitate recovery of, or prevent loss of, native 
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(Table 1, B2), or invasive plants may facilitate disperser-
mediated colonization by native plants (Table 1, B3) or
provide habitat for fauna (Table 1, B4). On the other
hand, disturbed landscapes may also support expand-
ing complexes of exotic plants and exotic frugivores
that assist each other’s establishment (Table 1, A3).
This would be enhanced by differences in interaction
characteristics that favour exotic partners over native
partners, such as frugivore preferences for exotic spe-
cies (Table 1, A2). Conservation conflicts can result
when both positive and negative community inter-





. 2002). Should the invasive plant or
animal be eliminated, with the result that native biota
may decline (or fail to recover), or should it be tolerated
or actively managed as an agent of ecological sustain-





Information on frugivory can be considered at all
stages of weed management, including pre-entry risk
assessment, prioritization of ‘sleeper weeds’, delimita-
tion of  areas for surveillance and eradication and
area-wide management of  established invasions. To
manage effectively a frugivore-dispersed weed, we need
to know what suites of  dispersers exist, what weed
species they are spreading, and the distances and direc-
tions of dispersal involved. While we are building up
this suite of knowledge for a few case studies, a func-
tional group approach based on fruit and frugivore
traits and their interaction with the landscape could
lead to more useful generalizations. These can be applied
to new weed threats at an early stage, facilitating
quicker and cheaper control. In Table 2 we present
some rules of thumb that can be used by managers
when considering plant invasions at different stages
from pre-introduction to widespread invasions.
We need better knowledge of the patterns of inter-
action between plant and frugivore species, both native
and exotic. This needs to be combined with knowledge
of the extent to which these patterns are the result of the
attributes of the species, or to other situation-specific
factors, such as the opportunities available for the
interaction and the spatial context at local and land-
scape scales. Modelling, long-term monitoring and
experimental manipulations should be used to test and
identify community outcomes. Generalized predictions
may be more feasible if  useful criteria for grouping
species functionally could be identified and shown to
predict patterns of interaction in new situations.
Although invasive species frequently have detrimental
impacts on ecosystems, it could be erroneous for man-
agers to assume that removal of frugivore-dispersed
exotic plants will always enhance conservation out-
comes, especially if  the invasions have occurred in areas
where land has been cleared and developed and if  there
is poor knowledge of local plant–frugivore interactions.
Management responses to invasive plants need to be
sensitive to the multiple ecological roles that frugivore-
dispersed exotics play in human-dominated landscapes.
Interventions may need to be gradual, to target eco-
system components in addition to the plant itself
(Zavaleta, Hobbs & Mooney 2001; Gosper, Stansbury
& Vivian-Smith 2005), and to be accompanied by
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Table 2. High- and low-risk scenarios for each stage in the invasion process with associated management options
High risk Low risk Management
Introduction Small fruit, large crop size, long 
fruiting season, gap-filling phenology
Large fruit (unless large frugivores 
available or soft and multiseeded), 
thick inedible peel, highly defended
Pre-import weed risk assessment
Naturalization Directed dispersal to suitable habitat Destructive processing by frugivore Eradication, prioritization for management
Local population growth Non-ingested seeds, specialist 
frugivores, clumped deposition
As above Fruit-spoiling biocontrol, prevention 
of fruit-set (herbicide spray-topping), 
exclusion of terrestrial frugivores
Spread Large, opportunistic, or migratory 
frugivores. Fragmented habitat, 
proximity to sources
Small frugivores confined 
to fragments
As above. Minimize edges, use 
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